NCREASING ATTENTION has been directed to the effect of the left atrium on ventricular function" 2 and arterial pressure. [3] [4] [5] [6] Atrial abnormalities, as a reflection of left ventricular involvement in hypertension, have not been defined, although P-wave changes have been described previously.7-9 Since these earlier descriptions, better understanding of the development of P-wave abnormalities has allowed establishment of more precise criteria for their recognition.'0-12 Using these criteria, correlation of changes with the clinical course of hypertensive patients affords an opportunity to evaluate the diagnostic importance of left atrial abnormalities and their hemodynamic implications.
The frequent association of hypertension with atherosclerotic heart disease makes it difficult to distinguish their separate effects on either P-wave configuration or cardiac function. The present study was designed to evaluate P-wave abnormalities in hypertension and to separate the effects of hypertension from those of coronary atherosclerosis as judged by coronary cinearteriography. By using this radiographic technique, it was possible to demonstrate that in some patients the electrocardiographic changes of the left atrium can most likely be ascribed to hypertension alone.
Methods
The electrocardiograms of 76 normal subjects and 76 hypertensive patients, matched for age and sex, were examined. The normal subjects were selected from hospital and laboratory personnel who had complete examinations including chest x-rays and electrocardiogram. All hypertensive pa-M.D., ANTHONY MILLER, M.D., AND HARRIET P. DUSTAN, M.D. tients were followed from 2 to 20 years as part of a long-term study of hypertension and had been hospitalized at least once; each had had repeated clinical, laboratory, and radiographic examinations. The first 39 patients were selected at random, and the remaining 37 included all in whom selective coronary cinearteriography had been performed.
The first interpretable electrocardiograms of the first 39 patients were examined, whereas the one immediately preceding arteriography was used for the 37 patients. When available, serial tracings were examined for evidence of evolution of P-wave changes.
The criteria used for diagnosis of left atrial abnormality were: (1) terminal forces in V1 equal to or more negative than -0.04 mm sec, as obtained from the product of the depth of the terminal negative deflection and its duration12; (2) Eleven of 45 patients with left atrial abnormality had repeated episodes of atrial arrhythmias. All of these had more than one criterion of P-wave abnormality; six had repeated paroxysmal auricular fibrillation; one, paroxysmal atrial flutter; two, premature atrial beats; A left atrial abnormality was present in 24 of the 37 hypertensive patients who had been studied by cinearteriography. Nineteen of these 24 had arteriographic evidence of coronary atherosclerosis, but five had no evidence of arterial disease. None of these five had any other clinical cause for the electrocardiographic P-wave changes such as mitral stenosis, congestive heart failure, and fever. Of the 13 patients with normal P waves, 11 had evidence of coronary atherosclerosis and two did not.
Discussion
Left atrial abnormality is a common electrocardiographic finding in hypertension. Since these hypertensive patients were studied over long periods of time, it was possible to recognize the fleeting character of some signs, the persistence of others, and the prognostic importance of a few.
The electrocardiographic findings compatible with left atrial abnormality are not specific for hypertension but are common to all diseases involving the left side of the heart. The term "left atrial abnormality"10 used throughout this report was chosen in preference to "left atrial hypertrophy" since the precise anatomic changes underlying these electrical signs have not been established as yet. The combination of signs derived from different spatial planes allows a more complete evaluation of atrial phenomena. The importance of this is seen in our normal controls in whom the combination of two positive criteria for left atrial abnormality has not yet been found. P waves were wider in hypertensive patients than in normals, but voltage was not greater than normal. Many factors contribute to the discrepancy between width and voltage. Abildskov'5' 16 reported that widening of the P wave is a more sensitive measurement of small degrees of atrial hypertrophy than increase in voltage when routine electrocardiographic techniques are used. This emphasizes the value of criteria based on the duration of the atrial complex, such as the bipeak interval and the P-wave to PR-segment ratio.
It is not clear whether these changes reflect an interference in atrial conduction; their persistence in most cases, despite effective treatment of hypertension,8 suggests this possibility.
Contrary to earlier experience,7 left atrial abnormality in hypertension is not necessarily associated with left ventricular failure. Indeed, 17 patients with abnormal P waves had hearts of normal size and no evidence of cardiac failure. Ross8 noted that 22% of hypertensive patients without cardiac enlargement had notched P waves, and this abnormality was more frequent in precordial leads in patients with smaller hearts.8
These atrial electrocardiographic changes may indicate either active atrial participation in ventricular function or may reflect diminished ventricular compliance. Evidence Circulation, Volume XXXIV, November 1966 supporting these possibilities is suggested by the results of this study showing a significant correlation between left atrial abnormality and average systolic pressure, by other clinical studies demonstrating that atrial activity influences systolic blood pressure,3 5' 6 and by the frequency of occurrence of fourth (atrial) heart sounds in hypertension (50 to 70%) . [17] [18] [19] In this study QRS and ST-segment changes denoting ventricular hypertrophy or nonspecific myocardial abnormalities sometimes disappeared, but abnormal P waves usually persisted, often as the sole evidence of cardiac involvement. Our experience confirms the finding of Sodi-Pallares and Calder9 that P-wave changes may provide the earliest clue to hypertensive heart disease and adds the observation that this sign is persistent. With correction of hypertensive heart failure, some signs of left atrial abnormality may disappear, but usually others persist. For example, one patient in our series had cardiac failure and two abnormal atrial criteria; after correction of failure, the abnormal Macruz index disappeared, but the wide bipeak interval remained.
The relation of atrial abnormality and repeated atrial arrhythmias is well known in mitral stenosis; it also appears to be true in hypertensive heart disease. The difference in incidence in hypertensive patients with and without abnormal P waves is significant (P < 0.05).
The association of hypertensive heart disease with coronary atherosclerosis makes it difficult to separate the role of either disease in the development of electrocardiographic changes. of patients with uncomplicated hypertensive heart disease may help to clarify the mechanism of these atrial changes.
Summary To separate the effects of hypertension and atherosclerosis on the left atrium, the electrocardiograms of 76 hypertensive patients and 76 normal control subjects, matched for age and sex, were studied. Four established criteria for left atrial abnormality were used. One or more positive criteria were satisfied in 45 of the 76 patients and 28 had two or more positive criteria. In contrast, only four of the 76 normal subjects had one abnormal criterion; none had more than one. In 37 patients selective coronary cinearteriography was performed and five of these with abnormal P waves had no arteriographic evidence of atherosclerosis.
Eleven of 45 patients with left atrial abnormality had repeated episodes of atrial arrhythmias, whereas only one of the 31 patients with normal P waves had an atrial arrhythmia, demonstrating that repeated atrial arrhythmias are more frequent in patients with left atrial abnormality.
Left atrial abnormality was, therefore, a frequent finding in hypertension; it may occur even in the absence of cardiac enlargement and coronary arterial disease. It was, at times, the sole sign of cardiac abnormality in hypertension.
